We propose a mathematical formula that predicts the trajectory of the recovery from lobar gray and white matter volume deficits in individuals with sustained abstinence from alcohol. The formula was validated by using MRI-measured volumetric data from 16 alcohol dependent individuals who had brain scans at three time points during abstinence from alcohol. Using the measured volumetric data of each individual from the first two time points, we estimated the individual's gray and white matter volume of the frontal, parietal and temporal lobes for the third time point using the formula. Similarly, using the measured data for the second and third time points, we estimated the first time point data for each individual. The data predicted from the formula were very similar to the experimentally measured data for all lobes and for both gray and white matter. The intra-class correlation coefficients between the measured data and the data estimated from the formula were N 0.95 for almost all the tissues. The formula may also be applicable in other neuroimaging studies of tissue volume changes such as white matter myelination during brain development and white matter demyelination or brain volume loss in neurodegenerative diseases, such as Alzheimer's disease.
Introduction
Alcohol use disorders (AUD) and other substance use disorders (SUD) are associated with alterations of brain structure and function. Neuroimaging studies have consistently demonstrated gray matter (GM) and/or white matter (WM) loss and enlarged ventricles and sulci in AUD (Schroth et al., 1988; Zipursky et al., 1989; Jernigan et al., 1991; Sullivan et al., 1995; Pfefferbaum et al., 1996; Adalsteinsson and Spielman, 1999; Gazdzinski et al., 2005b) as well as with chronic cigarette smoking, amphetamine, cocaine and poly-substance use disorders (Liu et al., 1998; O'Neill et al., 2001; Brody et al., 2004; Durazzo and Meyerhoff, 2007) .
Brain morphometric abnormalities in AUD demonstrate variable levels of recovery with sustained abstinence from alcohol (e.g., (Gazdzinski et al., 2005a) ). Cross-sectional magnetic resonance imaging (MRI) studies of abstinent alcoholics demonstrated that those with smaller brain volumes at the inception of abstinence from alcohol recover faster than those with larger volumes at inception; and longitudinally, individual brain volume increases appear to be greater during short-term abstinence (i.e., the first few weeks) than during sustained long-term abstinence (Pfefferbaum et al., 1995; Gazdzinski et al., 2005a) . These two observations suggest a non-linear trajectory of tissue volume recovery. The magnitude of volume change demonstrated with various morphometric MRI methods during both short-term and long-term abstinence from alcohol has been linked to the degree of tissue volume abnormalities at the beginning of abstinence (Pfefferbaum et al., 1995; Gazdzinski et al., 2005a; Cardenas et al., 2006; Yeh et al., 2007) . Specifically, it was observed that individuals with greater GM and/or WM atrophy at the inception of abstinence (i.e., at baseline) generally showed greater volume increases over one month of abstinence from alcohol than those with less atrophy at baseline, and that smaller lobar WM volumes were associated with greater lobar white matter volume increases with prolonged abstinence. These observations highlight the dynamic neuroplastic changes that can occur after the removal of a chronic insult, such as chronic alcohol abuse.
Although associations between brain volume at baseline and volume changes during alcohol abstinence have been reported, no mathematical formula has been advanced that predicts morphometric changes that occur with sustained abstinence from alcohol. Such a formula could be useful in further understanding abstinence-related brain plasticity , for predicting missing values in longitudinal studies Psychiatry Research: Neuroimaging 194 (2011) 198-204 
